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Abstract
Reverse transcription^polymerase chain reaction amplification and cloning of cDNA encoding the chicken CLIP-170(11)
isoform of the Cytoplasmic Linker Protein 170 gene revealed an unusual source of protein sequence variation. In addition to
differential combinatorial splicing of two cassette exons to yield four CLIP-170 protein isoforms, we found differential usage
of alternative 5P-splice junctions in a single exon. Splicing at the downstream site yields message containing 18 bp of
nucleotide sequence that is missing from message spliced at the more 5P site. This 18 bp sequence encodes a segment of
6 amino acids that fills a gap in the alignment of chicken and human CLIP-170 homologue sequences. Differential usage of
the 5P-splice junctions in this complex exon appears to be tissue- rather than isoform-specific. ß 1999 Published by Elsevier
Science B.V. All rights reserved.
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1. Introduction
The human cytoplasmic linker protein CLIP-170
connects endocytic vesicles to microtubules and re-
cruits microtubule motors for vesicle motility (for
review, see [1]). CLIP-170 is a homodimer associated
by several regions of coiled coil interaction inter-
rupted by spacer regions in a long central K-helical
domain. This central coiled-coil region connects two
N-terminal domains, each of which contains two mi-
crotubule binding motifs, with C-terminal domains,
each of which contains two metal binding sites [2,3].
An independently discovered human protein named
Restin is identical to CLIP-170 except for an addi-
tional stretch of 35 amino acids that extends by ¢ve
heptads the N-terminal most coiled-coil domain in
the Restin central region. Restin was found to be
highly expressed in Reed^Sternberg cells where it
appears to interact with intermediate ¢laments [4].
We cloned chicken Restin cDNA from intestinal
epithelial cells and demonstrated that CLIP-170 and
Restin are isoforms produced from the same gene by
di¡erential splicing of one 105 bp exon [5]. Because
of this isoform relationship, we refer to Restin as
CLIP-170(35-Restin). We also discovered two novel
CLIP-170 isoforms. The isoform that we call CLIP-
170(11) contains an 11 amino acid (aa) insert in place
of the 35 aa insert found in CLIP-170(35-Restin). In
contrast to the 35 aa insert, the 11 aa insert inter-
rupts rather than extends this coiled-coil domain.
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The other isoform, CLIP-170(11+35), contains the 11
aa insert followed by the 35 aa insert. This 46 aa
insert both extends and interrupts the coiled-coil do-
main. We have con¢rmed that both CLIP-170(11)
and CLIP-170(11+35) are most highly expressed in
chicken and human muscles [6].
We describe here additional variation in chicken
CLIP-170 isoform sequences. We have found that
use of alternative 5P-splice sites in a single exon of
the chicken CLIP-170 gene generates variants of the
CLIP-170 isoforms that contain or lack a stretch of
6 amino acids in a coiled-coil region near the middle
of the central rod domain. Inclusion of these six ami-
no acids ¢lls one of the two small gaps found in the
best alignment of the human and chicken CLIP-170
isoform central rod domain sequences. Our results
indicate that di¡erential use of the alternative splice
sites in this exon appears to be tissue-speci¢c.
2. Materials and methods
2.1. Reverse transcription^polymerase chain reaction
(RT^PCR) ampli¢cation
Total RNA from chicken pectoralis muscle, liver
tissue, and colon epithelial cells was prepared by ho-
mogenizing tissue samples in TRIzol Reagent (Gib-
co-BRL, Gaithersburg, MD). After extraction by the
manufacturer’s recommended procedure, the RNA
was dissolved in water, quanti¢ed by spectrophotom-
etry, and the integrity of the RNA was checked by
denaturing gel electrophoresis. The RNA was stored
frozen at 320‡C until use.
First-strand cDNA was synthesized by adding
2 pmol of the antisense primers allel1 (5P-CACT-
CAAATTTTTCTCAAGG, position 2568^2587 on
the chicken CLIP-170(35-Restin) sequence, accession
number AF014012) or cR4-6/1 (5P-CTTGTTCTCC-
AGGTTCAGAA, position 3515^3534) to the RNA
in a total volume of 12 Wl, heating the mixture to
70‡C for 10 min, and quickly chilling it on ice. This
was followed by the addition of the manufacturer’s
¢rst-strand bu¡er, 2 Wl 0.1 M DTT, 1 Wl 10 mM
dNTPs, 200 units of Superscript II RNase H-minus
Reverse Transcriptase (Gibco-BRL, Gaithersburg,
MD), and incubation at 42‡C for 50 min. The reac-
tion was terminated by heating at 70‡C for 15 min.
First-strand cDNAs were stored at 320‡C until fur-
ther use.
Synthesis of the CLIP-170(11)-speci¢c PCR prod-
uct containing the 6 aa insert was performed with a
sense primer from the 11 aa insert sequence (newins2,
5P-AGAGGCAGATTTCGGAAGAT) and an anti-
sense primer common to all four CLIP-170 isoforms
(cR4-6/1). The cDNA was PCR ampli¢ed using the
Expand Long Template kit (Boehringer Mannheim,
Indianapolis, IN). After initial denaturation at 92‡C
for 2 min, PCR was performed for 10 cycles with
denaturation at 92‡C for 10 s, annealing at 57‡C
for 30 s, and extension at 68‡C for 4 min. This was
followed by 15 cycles of similar conditions except
that the extension time was lengthened 20 s for
each cycle. The products were analyzed on polyacryl-
amide gels stained with ethidium bromide, eluted
from the gel, and cloned into the pGEM-T Easy
vector (Promega, Madison, WI).
To assess the relative expression of message con-
taining and lacking this 6 aa fragment, RT^PCR
ampli¢cation was performed with primers allel2
(5PCAGGCAGCTGAGAAACAGAT, position
2476^2495 of the chicken CLIP-170(35-Restin) se-
quence) and allel1, which £ank the exon region
that undergoes alternative splicing. The cycling pa-
rameters consisted of initial denaturation at 94‡C for
5 min, followed by 35 cycles of 1 min at 94‡C, 1 min
at 57‡C, and 2 min at 72‡C, with the extension time
lengthened by 5 s in each cycle. The PCR products
were separated on a 10% nondenaturing polyacryl-
amide gel and stained with ethidium bromide.
The resulting products of 112 bp and 130 bp
were electroeluted and cloned into pCR 2.1-TOPO
vector, as recommended by manufacturer (Invitro-
gen, Carlsbad, CA) and positively identi¢ed by se-
quencing.
2.2. PCR analysis of genomic DNA
Chicken genomic DNA was PCR ampli¢ed using
the Expand Long Template kit and the primers allel1
and allel2. The initial denaturation at 92‡C for 2 min
was followed by 10 cycles of denaturation at 92‡C
for 10 s, 30 s of annealing at 55‡C, and 4 min of
extension at 68‡C. This was followed by 15 cycles of
similar conditions except that the extension time was
lengthened 20 s for each cycle. The PCR products
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were separated on 0.8% agarose gels, cloned into the
pGEM-T Easy vector (Promega, Madison, WI), and
identi¢ed by automatic sequencing.
2.3. DNA sequencing and analysis
Cloned PCR products were sequenced with T7,
SP6, or M13 Reverse primers by the dye-terminator
method using the 373A automated sequencer from
Applied Biosystems (ABI, Foster City, CA).
3. Results
3.1. Protein variation in a region common to
CLIP-170 isoforms
We previously discovered an isoform of CLIP-170,
named CLIP-170(11), that contains an 11 aa insert
near the N-terminus of a central rod domain. This
stretch of 11 amino acids is absent from the CLIP-
170 and CLIP-170(35-Restin) isoforms (Fig. 1A). To
establish whether this insert represents the only se-
quence di¡erence between the novel CLIP-170(11)
isoform and the CLIP-170 and CLIP-170(35-Restin)
isoforms, we employed RT^PCR of chicken pector-
alis RNA with primers speci¢c for the 11 aa insert
and a downstream region common to the CLIP-170
and CLIP-170(35-Restin) isoforms.
Surprisingly, the PCR ampli¢cation with these
primers yielded two products. The shorter product
contained sequence of the 3P end of the 11 aa insert
linked to sequence that is identical to that of
CLIP-170 and CLIP-170(35-Restin). The longer
product contained the entire sequence of the shorter
product with an additional internal stretch of 18 nu-
cleotides (Fig. 1D between the ¢rst two arrows) not
found in the original chicken CLIP-170(35-Restin)
sequence. The extra 18 bp sequence maintains the
open reading frame and encodes a stretch of 6 amino
acids that is located near the middle of the central K-
helical rod domain. Although this 6 aa sequence was
not present in our original chicken CLIP-170/CLIP-
170(35-Restin) sequence, it aligns well with a similar
sequence (aa 766^771) in human CLIP-170 [2] and
(aa 801^806) in human CLIP-170(35-Restin) [4], and
¢lls a predicted gap in the chicken CLIP-170/Restin
sequence in the best alignment with the human se-
quence (Fig. 1B).
3.2. Alternative 5P donor sites in a complex exon
To establish the molecular mechanism underlying
the origin of the 6 aa chicken sequence, the organ-
ization of the chicken CLIP-170 gene region covering
this sequence was mapped by PCR ampli¢cation us-
ing primers from cDNA sequence £anking the 6 aa
stretch (Fig. 1C). Sequencing of the resulting single
1.6 kb PCR product revealed the existence of one
intron (Fig. 1D). The 3P intron^exon boundary is
well de¢ned by a consensus AG dinucleotide splice
junction followed by sequence-encoding protein on
the C-terminal side of the original gap.
On the 5P end of the intron, a repeat of the se-
quence, AAGGTT, 18 nucleotides apart presents
part of the alternative 5P-splice sites, each containing
the consensus dinucleotide GT. Splicing at these two
sites yields the two versions of mRNA sequence
C
Fig. 1. Use of alternative 5P-splice donor sites yields CLIP-170 isoforms that di¡er in length by six amino acids. (A) Schematic presen-
tation of the predicted protein secondary structure of the CLIP-170 isoforms. The CAP-Gly motifs are microtubule-binding domains
that contain conserved glycine residues. The serine clusters 1 and 2 are serine-rich regions located just downstream of the microtu-
bule-binding domains. The isoform-speci¢c inserts are located near the N-terminus of the central coiled coil region. The putative met-
al-binding domains are shown as CCHC boxes, which contain the consensus sequence CX2CX4HX4C. Six aa fragment detected by
RT^PCR of CLIP-170 (11) cDNA is found in the middle of the central rod domain. (B) Comparison of chicken CLIP-170(35-Restin)
sequence lacking the 6 aa segment with chicken CLIP-170(11) sequence that contains the 6 aa sequence and human CLIP-170(35-Res-
tin) sequence from the homologous region of the protein. The numbers on the left and right indicate amino acid number in the pub-
lished sequences. (C) PCR of the genomic DNA using primers £anking the 6 aa insert yields a product of 1.6 kb. The cDNA product
with these primers is predicted to be 112 bp. (D) Diagram showing the two alternative splice donor sites (arrows 5P to the intron) and
the single splice acceptor site (arrow 3P to the intron). The 18 bp sequence that is included or excluded from CLIP-170 isoform mes-
sages is shown in italics. Exon and intron sequences are in uppercase and lowercase letters, respectively. Conserved dinucleotides that
match the consensus splice sites are shown in boldface.
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found by RT^PCR. Splicing at the more 5P site yields
the version of the message lacking the 6 aa-encoding
18-base sequence that was ¢rst cloned in chicken
CLIP-170(35-Restin) through expression library
screening [5]. Splicing at the more 3P site yields the
version of the message including the 6 aa-encoding
18 bp sequence that was found by RT^PCR ampli-
¢cation of the CLIP-170(11) message.
3.3. Evidence for tissue-speci¢c splicing
To determine the relative frequency of splicing at
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either of the two donor sites, we performed RT^PCR
of total RNA from three chicken tissues. The primer
pair £anking the splice sites was expected to generate
products of 112 bp from message lacking the 18 bp
sequence and 130 bp from message containing the 18
bp sequence. The identity of the products of these
two sizes was con¢rmed by cloning and sequencing.
Analysis of CLIP-170 RT^PCR products from pec-
toralis muscle revealed that most of the messages
were generated by splicing at the 5P-most site and
therefore lack the 6 aa stretch (Fig. 2A), even though
our original identi¢cation of the chicken 6 aa stretch
was in CLIP-170(11) sequence, which is the most
abundant CLIP-170 isoform found in that tissue.
The CLIP-170 isoform messages in colon epithelial
cells and liver, on the other hand, appear to be gen-
erated by roughly equal usage of the two alternative
splice sites.
The same relative ratios of the two versions of the
messages were found when pectoralis and colon
RNA was annealed to a di¡erent speci¢c primer
for generation of the ¢rst strand by reverse transcrip-
tase (Fig. 2B). Similar analysis of pectoralis muscle
and liver RNA from a di¡erent chicken also yielded
a similar pattern of splice site usage (Fig. 2C), indi-
cating that the preference for one or the other alter-
native splice donor site is a characteristic inherent to
the particular tissue.
4. Discussion
We previously demonstrated that the four iso-
forms of chicken CLIP-170 ^ CLIP-170, CLIP-
170(11), CLIP-170(35-Restin), and CLIP-
170(11+35) ^ all arise from a single gene by combi-
natorial splicing of two cassette exons encoding in-
serts of 11 and 35 amino acids [6]. Here, we demon-
strate an additional source of protein sequence
variation in the chicken CLIP-170 isoforms that ap-
pears to be isoform independent. This di¡erence
arises from the use of alternative 5P-splice donor sites
within a single complex exon. The resulting region of
variability is located near the middle of the central
rod domain in a region with high propensity for K-
helical coiled coil dimer formation. Messages spliced
at the more 3P end of the 5P-splice donor sites encode
a protein containing a segment of 6 amino acids that
is missing from proteins encoded by messages spliced
at the more 5P site.
One of the factors in splice site selection is its
strength, which is de¢ned as a degree of conforma-
tion to the consensus sequence. The ¢rst six nucleo-
tides of the intron at the 5P-splice site used for the
generation of isoforms with and without 6 aa seg-
ment are GTTGGT and GTTTGT, respectively;
they are both relatively ‘weak’ sites with respect to
the 5P-splice site consensus sequence GTRAGY
(R = A or G; Y = C or T) [7]. This might explain
why this region of the pre-mRNA undergoes alter-
native splicing at both sites. As opposed to liver and
colon epithelial cells, where the two sites are roughly
equally used, some additional factors bring about the
preferential splicing at the 5P-more site in the pector-
alis muscle.
Splice site selection in this exon appears to be tis-
sue speci¢c but isoform independent. In liver and
colon epithelial cells, the ratio of total CLIP-170 iso-
form messages containing the 6 aa segment to those
lacking the 6 aa segment is approximately 1:1, but
the messages for CLIP-170 comprise greater than
80% of the total messages for all the CLIP-170 iso-
forms (see, e.g., Table I of ref. [5]), indicating that
CLIP-170-speci¢c messages both containing and
lacking the 6 aa segment exist in those tissues. In
pectoralis muscle, which contains messages for three
of the four CLIP-170 isoforms, messages lacking the
6 aa segment predominate.
Fig. 2. Tissue-dependent use of the internal alternative 5P-splice
donor site in chicken. Total RNA from tissues of individual
chickens was ampli¢ed by RT^PCR using primers £anking the
6 aa insert. Samples were resolved on a neutral polyacrylamide
gel and stained with ethidium bromide. (A) Colon epithelial cell
and liver RNAs contain equal amounts of the PCR products of
112 bp (lacking the 18 bp) and 130 bp (containing the 18 bp),
whereas most pectoralis muscle transcripts lack the 18 bp. (B)
Ratios of products similar to those in A were obtained when
cDNAs generated from the same initial total RNAs with a dif-
ferent speci¢c ¢rst-strand primer were subsequently ampli¢ed
with the same primers used in A. (C) RT^PCR of total RNA
from tissues of a di¡erent chicken shows a similar distribution
of transcripts to that presented in A.
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Whether CLIP-170 proteins containing or lacking
the 6 aa segment di¡er in function remains to be
determined. In comparison, it appears unlikely that
the homologous human message lacking the 6 aa
segment can be generated because the human se-
quence covering the 5P-more chicken splice junction
is AG:AA, which lacks the canonical GT splice site
dinucleotide, rather than the AG:GT in the chicken
sequence. Thus, divergence of the human and chick-
en nucleotide sequences in this region of the gene
makes it unlikely that any of the human CLIP-170
isoforms messages lack the homologous six amino
acids. Therefore, we assume that splicing events in-
volving the chicken CLIP-170 isoform alternative do-
nor sites identi¢ed here are not only tissue-speci¢c
but species-speci¢c as well.
Regardless of its physiological relevance, we have
demonstrated the existence of yet another region in
the chicken CLIP-170 gene that undergoes alterna-
tive splicing. The mechanism of this alternative splic-
ing is quite di¡erent from the exon/intron arrange-
ment in the region encoding the 11 aa and 35 aa
insert, where the cassette exons are spliced by a com-
binatorial mechanism. Our results demonstrate that
both combinatorial exon splicing and alternative
splice site usage contribute to formation of CLIP-
170 isoform-encoding messages in a variety of chick-
en tissues. Similar alternative splicing within the cod-
ing region of similar complex exons is a feature of
several other genes, including ¢bronectin [8], protein
tyrosine phosphatase [9], integrin L3 [10], and PG-M/
Versican [11].
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